O. Napoly, CEA/Saclay
for the TESLA collaboration
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Superconducting 9-cell Nb cavities
Eacc =25 MV/m, T=2K

Long RF pulse (~ 1 ms)
= low RF peak power (200 kW/m)
= long bunch train with large spacing

Low RF Frequency (1.3 GHz)

= small wakefields

Overall design compatible with
Vs = 300-800 GeV



33 km

damping ring

linear accelerator

positron
preaccelerator

electron-positron collision
high energy physics experiments

positron source
x-ray laser

aux. positron and
2nd electron source

linear

accelerator

damping ring

H.Waise 3/2000



TESLA Parameters

Js GeV 500 800
Luminosity 103*cm™2s™! 3.4 5.8
RF-frequency GHz 1.3 -
Accelerating gradient MV/m 22 35
Quality factor Qg - 1010 5.10°
Fill factor % 78 76
Total site length km 33 -
Repetition rate Hz 5 4
Pulse length us 950 860
# bunches/pulse n, - 2 820 4 886
Bunch spacing 7, ns 337 QI3
Bunch charge N, - 2-101° 1.4-101°
Spot sizes at IP g7, nm 553.,5 391,2.8
Emittances at IP ye,, um 10, 0.03 8,0.015
Betas at IP f7 mm 15,0.4 15,04
Bunch length o, pwm 300 300
Beamstrahlung - 3.2 44
parameter o g
Beam current mA 9.5 K13
Average current uA 45 WY
Beam power X2 MW 23 35
AC power MW 100 160
Efficiency % 23 20

@cd oi O cAd A-imd DadAda-<«2be_q B0 o- maA8-




TESLA Bunch Trains

5 Hz x 2820 x 2.0 «10" @ 500 GeV
Bunch Train
3 Hz x 4568 x 1.4 *10" @ 800 GeV

J5 =500 GeV
< 200 ms
«— 950 us —
<> 337 ns (ct4~100 m)

YYTYYYT S /] ssccccccccces // YT TTTYTYYY YT S

< 190 ns (¢tp~ 57 m)
<« 860 us —
< 330 ms

Js =800 GeV

~1 ms long bunch trains provide:
« Many orbit corrections (fast feedback systems)

« Head-on Collisions (beam separation required
before 1% parasitic collision @ ct,/2)

+ Bunch collisions well separated in the detector



TESLA Test Facility (TTF) Goals

Phase I
 Accelerator modules: from R&D to Industry

1991 costs : 200 k$/m + 5 MV/m = 40 k$/MV
i ! } |
2000 costs : 50 k€/m = 25 MV/m = 2 k€/MV

« SASE FEL at low wavelength ( ~ 60 nm)

Phase II
e SC Linac up to 1.2 GeV

« SASE FEL User Facility (6 nm)
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Gradient MV/m

32
30
28
26
24
22
20
18
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10

o B s N oo

Average Gradient and Scatter

Manufacturer




LCWS_2000ProposedProgram

Gradient MV/m
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20
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ent of Cavities in Modules

Module #
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Intensity [Counts/Pixel]

CCD image: 1 bunch(es), 1 min, 5 mm aperture, 22 Feb 2000
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TTF FEL at DESY
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e Source and Injectors

* Damping Rings

 SC Linacs
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™
e (E>150 GeV ) o
—.—)',Y < g
ek b ~ e Target ——
0.4X, Ti

 Undulator
— L=100m,B=0.6 T, 1.35 cm period

* Electrons ( E=250 GeV)
— 5E/.E= 1.2% ,05/E=0.14 %

* Photons (Ny =370 * Ne)
— Ey=25MeV, Py=135kW
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Main DR Parameters

energy 5.0GeV |
circumference 17 km
hor. emittance ~¢, 9 x 107%m
ver. emittance ~ye, 2 x 107%m
transverse damping time Tp.; 4 28 X 107 °s
equilibrium bunch length o, 6 mm
equilibrium momentum spread o,/ P 0.13%
longitudinal damping time 7p., 14 X 107 °s
energy loss per turn Uy 20.3 MeV
beam current I 160 mA
radiated power P, .4 3.25 MW
rf-voltage U, ¢ 50 MV
wiggler field integral f Biigglerds 1.4Tm/m
wiggler period length Ay;gg0er 0.4m
total wiggler length 464 m




dwnq Suijdnod |e20] y3IM suoI1d3s JYBiells Ul PIsealdul UL |BILIBA :3N|(]

suoi159s JYBieils ul 3Se3IDUI BDUBIHWS [BIILISA OU  (pal

dp , dyd y 9o , dyd y
iTE £ ol S°T T g i'E £ S°C e ST 1 S0 0
- L) T T T T H ) g
. p
Bt P £
- o,
A S s e — g T '
E * e + n
2 b ¢ jot 2
+ (3]
i
3 Q
] frobidtd 00T B
-L.tx‘.r‘.lvru,t...‘r i W
[ S e WOTIRI0T YITM o
et UOTIRIOX OU . UOT3RJ0I O
L L BEZ 0 s 000t

d/dxy jenui Sns1an JueleAU| §O) WinWIXel

&\_&4 |eniul snsion [aun| [estspn

uoisiadsip 1o/pue 3uiidnos [eso] y3noayl swWNjOA young asea.ou|
0000T =~ A « g0 > vrufiyyy AB81aua Buu aseasdu| sain) e

zoplfizgxa M
Nh Yoan2 Nmmﬁhmv| ~ Yoouuifi
BEIYEY ~ ) @q

:41Yys aunj 9%.eyd soeds juassyodul a8ny o1 spes| AZ1aus mo| pue yi3us| Suu 3Bie] e

Yiys aunj assey) adedg juasayooduj




Per Linac :

* 860 RF modules (16 m, 12x9-cell cavities)
* 290 Klystrons (10 MW = 3 modules)

Alignment Tolerances :
* (0.5 mm for cavities

* 0.3 mm for quads = ~ 10% oe /e,
* 10 pum BPM/Quad single bunch

Multi-bunch instabilityis Static :

10

8
5 6
2 4
o

2 # First bunch train —

o Train after 1 min
QL o e e — o S S — .
0 100 200 300 400 500

Bunch number

— can be removed by fast kickers
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. Béam Switch Yard

e Fast IP Feedback

* Mask Region
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Microns

1 =S5 A DBEan DELVERY
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EPAC2000, Vienna

TESLA Feedback for IP Offset & Angle

BFiM " " Ideal Crossing
\IK Beam axis T T
B ——
plane of interaction | BJM #9
BPM #1 Ay Xing with IP offset

|

plane of lntaractlnni BPM #2

BPM #1 Ay Xing with IP angle

Y ; Y

~J — 1
=

plane of interaction . BPM #2

Head-on collision allow BPMs to read
(YiN-Your) orbits




Stabilization of Beam Interaction in TESLA I. Reyzl , DESY

Ay and Ao Feedback in series

Add. disturbance Ay=1000y, Ao=100y: 91.7%L

Response of e*e™ Feedback, Ay

T [ S———————— L Bl NN

T

90_ ................ .................... ................... — IP_FBedbaGk on |

: : - == IP- Feedback off
Bo s ‘ .................... ‘ ................... ‘ ............... '+ -

é

60

Separation [0
NoW oA O
c O C O

10

o) 20 40 60 80 100
Number of Interaction
Response of e'e~ Feedback Ax

10_;““..5... e .".'T.'."T.J..h.!-.m_.‘;.._.;;ﬁh qqqqqqqqqqqq
W‘ :"‘I‘ .-v“"‘ "c? " : :
BL“l"‘ "’ ............................... I Angle—Faadbaean a
) - — - Angle—Feedback off
<™ IHOM effects : :
E: 6_ ................................................................................................ -
|
=T
o
= e S .
8
© 5
O
(9] 50 100 150 200 250 300

Number of Interaction

Train-to-Train Tolerance (5Hz) of Final Doublet
limiting Luminosity Loss to 109, - 200nm

17 June 2000 6



®
The Mask Region

Design of the mask region
e Tungsten shield for backscattered pairs and secondaries
* Neutron shield (graphite absorbers)

e Shield for synchrotron radiation

296 mm

2400 mm

e Instrumentation for small angles

— Low Angle Tagger (LAT) Dmed € G < 83 mrad
- Luminosity CAlLorimeter (LCAL) - Gmeed € O < 30 mud

LCWS2000, 25 October 2000 Karsten Bﬁﬁer@@



Background: Pairs in the Mask

~ 0.1% of one bunchcrossing @ 500 GeV , 3T

Pairs on one side (z > 0) for one full BX

Energy | #produced | TotalE | #on LCAL | E on LCAL
500 60000 150 TeV 110000 21 TeV
800 90000 490 TeV 170000 35.5 TeV

Every channel of LCAL fires !!

LCWS2000, 25 October Z’bDU Karsten BiiBer @%@
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Electron beam vertical waist—scaon
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EPAC2000, Vienna

'BANANA' EFFECT and HIGH DISRUPTION

Wakefields generate (y,y’) vs. z correlations
=> Correlated emittance growth @ IP

Example of TESLA: collisions with d¢,/¢, = 10% of
electrons with (y)(z) > 0 <> positrons with (y')(z) > 0

Pair Energy [Tev] Luminosity [GUINEA-PIG]
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TESLA Linear Collider designed for
— s =500-800 GeV and L = 3-5 103 cm2s-!

TTF has overcome 2 major challenges:

— Accelerating Module for 500 GeV with
present level of technology from industry

— SASE-FEL demonstrated below 100 nm

R&D programme toward higher gradients is
progressing :
— Eacc > 35 MV/m, Q>5x10° by electropolishing

— 800 GeV LC requires better stiffening and
filling factor (superstructure)

Technical Design Report (TDR) due in
Spring 2001, inclé cost & schedule

Evaluation/German Wissenschaftrat in 2001

— Aim for start of construction as international
project in 2003
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